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Introduction 


The TLC32046 wide-band analog interface circuit (AIC) is a complete analog-to-digital and digital-to-analog 
interface system for advanced digital signal processors (DSPs) similar to the TMS32020, TMS320C25, and 
TMS320C30. The TLC32046 offers a powerful combination of options under DSP control: three operating 
modes (dual-word [telephone interface], word, and byte) combined with two word formats (8 bits and 16 bits) 
and synchronous or asynchronous operation. It provides a high level of flexibility in that conversion and 
sampling rates, filter bandwidths, input circuitry, receive and transmit gains, and multiplexed analog inputs 
are under processor control. 


This AIC features a 
¢ band-pass switched-capacitor antialiasing input filter 
*  14-bit-resolution A/D converter 
*  14-bit-resolution D/A converter 
¢ low-pass switched-capacitor output-reconstruction filter. 


The antialiasing input filter comprises eighth-order and fourth-order CC-type (Chebyshev/elliptic 
transitional) low-pass and high-pass filters, respectively. The input filter is implemented in switched- 
capacitor technology and is preceded by a continuous time filter to eliminate any possibility of aliasing 
caused by sampled data filtering. When low-pass filtering is desired, the high-pass filter can be switched out 
of the signal path. Aselectable auxiliary differential analog inputis provided for applications where more than 
one analog input is required. 


The output-reconstruction filter is an eighth-order CC-type (Chebyshev/elliptic transitional low-pass filter) 
followed by a second-order (sin x)/x correction filter and is implemented in switched-capacitor technology. 
This filter is followed by a continuous-time filter to eliminate images of the sample data signal. The on-board 
(sin x)/x correction filter can be switched out of the signal path using digital signal processor control. 


The A/D and D/A architectures ensure no missing codes and monotonic operation. An internal voltage 
reference is provided to ease the design task and to provide complete control over the performance of the 
IC. The internal voltage reference is brought out to pin 8. Separate analog and digital voltage supplies and 
ground are provided to minimize noise and ensure a wide dynamic range. The analog circuit path contains 
only differential circuitry to keep noise to a minimum. The exception is the DAC sample-and-hold, which 
utilizes pseudo-differential circuitry. 


The TLC32046C is characterized for operation from 0°C to 70°C, and the TLC32046lI is characterized for 
operation from —40°C to 85°C. 


Features 
* Advanced LinCMOS™ Silicon-Gate Process pee nna 
* 14-Bit Dynamic Range ADC and DAC 
¢ 16-Bit Dynamic Range Input With Programmable Gain 


¢ Synchronous or Asynchronous ADC and DAC Sampling Rates Up to 25,000 cance Per 
Second 


¢ Programmable Incremental ADC and DAC Conversion Timing Adjustments 
¢ Typical Applications 
— Speech Encryption for Digital Transmission 
— Speech Recognition and Storage Systems 
— Speech Synthesis 
— Modems at 8-kHz, 9.6-kHz, and 16-kHz Sampling Rates 
- Industrial Process Control 
— Biomedical Instrumentation 
— Acoustical Signal Processing 
— Spectral Analysis 
— Instrumentation Recorders 
— Data Acquisition 
_.¢  §witched-Capacitor Antialiasing Input Filter and Output-Reconstruction Filter 
¢ Three Fundamental Modes of Operation: Dual-Word (Telephone Interface), Word, and Byte 
* 600-mil Wide N Package 
¢ Digital Output in Twos Complement Format 


FUNCTION TABLE 


~ ASYNCHRONOUS 
(CONTROL 
REGISTER REGISTER 
BIT D5 = 1) BIT D5 = 0) 
16-bit format - | Dual-word (telephone | Dual-word (telephone 
interface) mode interface) mode 
TMS320C10. 


16-bit format Word mode Word mode 
(see Figure 7). 


8-bit format Byte mode Byte mode Pin 13 =Vcoc—(-5 Vnom) | TMS320C17 
(2 bytes required) | | Pin 1 = Vcc— (-5 V nom) 


SYNCHRONOUS 
(CONTROL 


DATA 
COMMUNICATIONS 
FORMAT 


DIRECT 
INTERFACE 


FORCING CONDITION 


TMS32020, 
TMS320C25, 
TMS320C30 


TMS32020, 
TMS320C25, 
TMS320C30, 
indirect 
interface to 


Pini13=0to5V 
Pint =Oto5V 


Pin 13 =Vcc-— (-5 V nom) 
Pin 1 = Voc+t (+5 V nom) 


LinCMOS is a trademark of Texas Instruments Incorporated. 
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Functional Block Diagrams 


WORD OR BYTE MODE 


IN + 
AUX IN + x | Filter 
AUXIN = 2 FSR 
EODR 
si | MSTR CLK 
SHIFT CLK 
Internal 
Voltage WORD- 
Reference BYTE 
CONTROL 
DX 
| FSX 
OUT + Low-Pass (sin x)/x : = 
Xx 
Vec+ Vec- ANLG DGTL Vpp REF RESET 
GND GND (DIG) , 
DUAL-WORD (TELEPHONE INTERFACE) MODE 
26 
IN + 
25 
IN ry | 1D Low-Pass ) DR 
AUX IN + Filter Port x= 
AUXIN- _ ~ FSR 
Di1 OUT 
ne ! 6 
ie ete : MSTR CLK 
Receive Section i 10 
Reference iz 13 
Transmit Section a a 42 DATA DR 
DX 
al ee 
22 , FSX 
OUT + Low-Pass sin x)/x = 1 
Filter M | - A : D10 OUT 
OUT - U he orrection i 


20 19 17,118 9 7 8 | 2 


Vec+ Vcc- ANLG DGTL Vpp REF RESET 
GND GND _ (DIG) 
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FRAME SYNCHRONIZATION FUNCTIONS 


TLC32046 Function Frame Sync Output 
Receiving serial data on DX from processor to internal DAC FSX low 


Transmitting serial data on DR from internal ADC to processor, primary FSR low 
communications | 
Transmitting serial data on DR from Data DR (pin 13) to processor, secondary ——— 
aes FSD (pin 1) low 
communications in dual-word (telephone interface) mode only | 


Vcc t+ Vcc - Serial Data Out 
IN+ DR 
Analog In 
IN-  TLC32046 «FeR L* 
3 TMS32020, 
D110UT TMS320C25, 
TMS320C30, 
12 Serial Data In or Equivalent 
Analog Out DX 16-Bit DSP 
Fsx U4 TTL or CMOS 
Logic Levels 


11 
D100UT 


Secondary Communication (see Table above) 
13 Serial Data Input 


16-Bit Format TTL 
or CMOS Logic Levels 


DATA-DR 


Figure 1—1. Dual-Word (Telephone Interface) Mode 


When the DATA-DR/CONTROL input (pin 13) is tied to a logic signal source varying between 0 and 5 V, the 
TLC32046 is in the dual-word (telephone interface) mode. This logic signal is routed to the DR line for input 
to the DSP only when pin 1, data frame synchronization (FSD), outputs a low level. The FSD pulse duration 
is 16 shift clock pulses. Also, in this mode, the control register data bits D10 and D11 appear on pins 11 and 
3, respectively, as outputs. 
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Analog In 


Analog Out 


VCC+ 
(5 V nom) 


Analog In 


Analog Out 


Vcoc- 


(-5 V nom) 


Vcc + Vcc - 
IN + DR 
IN— 


TLC32046 FER 


EODR 


DX 


WORD-BYTE conTROL 


Figure 1-2. Word Mode 


5V -5V 
20 19 

Vcc + Vcc - 
IN+ DR 
IN- 


EODR 


WORD-BYTE CONTROL 


TLC32046 FER 


5 Serial Data Out 


4 


12 Serial Data In 


Figure 1-3. Byte Mode 


The word or byte mode is selected by first connecting the DATA-DR/CONTROL input (pin 13) to Vec_. 
FSD/WORD-BYTE (pin 1) becomes an input and can then be used to select either word or byte transmission 
formats. The end-of-data transmit (EODX) and the end-of-data receive (EODR) signals on pins 11 and 3, 
respectively, are used to signal the end of word or byte communication (see the Terminal Functions section). 


Serial Data Out 


Serial Data In 


TMS32020, 
TMS320C25, 


TMS320C30, 
or Equivalent 
16-Bit DSP 


TTL or CMOS 
Logic Levels 


Vcec- 
(—5 V nom) 


TMS320C17 

or Equivalent 
8-Bit Serial 
Interface 

(2 Bytes Required) 


TTL or CMOS 
Logic Levels 
14 
11 
Vcc- 
13 (-5 V nom) 


Terminal Assignments 


N PACKAGETt 
(TOP VIEW) 


+FSD/WORD-BYTE [] 4 ogi] NU 


FD100UT/EODX]] 4 


NU - Nonusable; no external connection should be made to these pins. 


t 600-mil wide 


1 


FN PACKAGE 
(TOP VIEW) 


wo [} $D110UOT/EODR 


E 


+ +Fsp;worp-BYT 


ANLG GND [| 


+ The portion of the pin name to the left of the slash is used for the Dual-Word (Telephone Interface) mode. 
The portion of the pin name to the right of the slash is used for Word-Byte mode. 


Terminal SRE NS] 


po ESCRIPTION 
filter and ADC path via software control. If the appropriate bit in the control register is a 
AUX IN- Sok Be Inverting auxiliary analog input (see the above AUX IN + pin description). 
then framed by the FSD signal and transmitted as an output to the DR line during 


ile GND 17, ae ee ground return for all internal analog circuits. Not internally connected to a... 
GND. 
1, the auxiliary inputs replace the IN+ and IN— inputs. If the bit is a 0, the IN+ and IN— 
DATA-DR The dual-word (telephone interface) mode, selected by applying an input logic level 
secondary communication. The functions FSD (pin 1),D11OUT (pin 3), and D10O0UT (pin 


AUX IN+ Noninverting auxiliary analog input stage. This input can be switched into the band-pass 
inputs are used (see the DX Serial Data Word Format). 
between 0 and 5 V to this input, allows this pin to function as a data input. The data is 
11) are valid with this mode selection (see Table 2-1). 


CONTROL 


When this input is tied to VoG_, the device is in the word or byte mode. The functions 
WORD-BYTE (pin 1), EODR (pin 3), and EODX (pin 11) are valid in this mode. Pin 1 is 
then used to select either the word or byte mode (see Function Table). 


This pin is used to transmit the ADC output bits from the AIC to the TMS320 serial port. 
This transmission of bits from the AIC to the TMS320 serial port is synchronized with the 
SHIFT CLK (pin 10) signal. 


This pin is used to receive the DAC input bits and timing and control information from the 
TMS320. This serial transmission from the TMS320 serial port is synchronized with the 
SHIFT CLK (pin 10) signal. 


In the dual-word (telephone interface) mode, bit D10 of the Control Register is output to 
this pin. When the device is reset, bit D10 is initialized to 0 (see DX Serial Data Word | 
Format). The output update is immediate upon changing bit D10. 


End of Data Transmit. During the word-mode timing, a low-going pulse occurs on this 
output immediately after the 16 bits of DAC and control or register information have been 
transmitted from the TMS320 serial port to the AlC. This signal can be used to interrupt 
a microprocessor upon completion of serial communications. Also, this signal can be 
used to strobe and enable external serial-to-parallel shift registers, latches, or external 
FIFO RAM and to facilitate parallel data bus communications between the DSP and the 
serial-to-parallel shift registers. During the byte-mode timing, this signal goes low after 
the first byte has been transmitted from the TMS320 serial port to the AIC and is kept low 
until the second byte has been transmitted. The TMS320C17 can use this low-going 
signal to differentiate first and second bytes. 


| DITOUT 3 
EODR 


In the dual-word (telephone interface) mode, bit D11 of the control register is output to 
this pin. When the device is reset, bit D11 is initialized to 0 (see DX Serial Data Word 
Format). The output update is immediate upon changing bit D11. 


End of Data Receive. During the word-mode timing, a low-going pulse occurs on this 
output immediately after the 16 bits of A/D information have been transmitted from the 
AIC tothe TMS320 serial port. This signal can be used to interrupt a microprocessor upon 
completion of serial communications. Also, this signal can be used to strobe and enable 
external serial-to-parallel shift registers, latches, or external FIFO RAM, and to facilitate 
parallel data bus communications between the DSP and the serial-to-parallel shift 
registers. During the byte-mode timing, this signal goes low after the first byte has been 
transmitted from the AIC to the TMS320 serial port and is kept low until the second byte 
has been transmitted. The TMS320C17 can use this low-going signal to differentiate 
between first and second bytes. 
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Terminal Functions (continued) 
| PINNAME | NO. | I/O | DESCRIPTION 

DGTL ee Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 

FSD Frame Sync Data. The FSD output remains high during primary communication. In the 
dual-word (telephone interface) mode, the FSD output is identical to the FSX output 
during secondary communication. 

WORD-BYTE 
bits to the AIC via the DX pin of the AIC. The FSX pin is held low during bit transmission 
(see Serial Port Sections and Internal Timing Configuration Diagrams). 

FIN+ | 26 | I Noninverting input to analog input amplifier stage 
PINS ee et Inverting input to analog input amplifier stage 
MSTR CLK i The master clock signal is used to derive all the key logic signals of the AIC, such as the 


shift clock, the switched-capacitor filter clocks, and the A/D and D/A timing signals. The 
at /° | Richins output of analog output power amplifier. Drives transformer hybrids or 


The WORD-BYTE pin allows differentiation between the word and byte data format (see 
DATA-DR/CONTROL (pin 13) and Table 2-1 for details). 


Frame Sync Receive. The FSR pin is held low during bit transmission. When the FSR 
pin goes low, the TMS320 serial port begins receiving bits from the AIC via the DR pin 
of the AIC. The most significant DR bit is present on the DR pin before FSR goes low. 
See Serial Port Sections and Internal Timing Configuration Diagrams. 


Frame Sync Transmit. When this pin goes low, the TMS320 serial port begins transmitting 


Internal Timing Configuration diagram shows how these key signals are derived. The 
frequencies of these signals are synchronous submultiples of the master clock frequency 
to eliminate unwanted aliasing when the sampled analog signals are transferred between 
the switched-capacitor filters and the ADC and DAC converters (see the Internal Timing 
Configuration). 


|° | Nghimpedane loads directly in a differential or a single-ended configuration. 


allie Inverting output of analog output power amplifier. Functionally identical with and 
complementary to OUT+. 
/O | The internal voltage reference is brought out on this pin. An external voltage reference 
can be applied to this pin to override the internal voltage reference. 


RESET Tl A reset function is provided to initialize TA, TA’, TB, RA, RA’, RB (see Figure 2-1), and 


the control registers. This reset function initiates serial communications between i AIC 
oe | CLK 


and DSP. The reset function initializes all AIC registers, including the control register. 

After anegative-going pulse on the RESET pin, the AIC registers are initialized to provide 

a 16-kHz data conversion rate for a 10.368-MHz master clock input signal. The 

conversion rate adjust registers, TA’ and RA, are reset to 1. The CONTROL register bits 

are reset as follows (see AIC DX Data Word Format section): 
D11=0,D10=0,D9=1,D7=1,D6=1,D5=1,D4=0, D3=0, D2=1 

The shift clock (SCLK) is held high during RESET. 

This initialization allows normal serial-port communication to occur between the AIC 

and the DSP. 


BE shift clock signal is obtained by dividing the master clock signal frequency by four. 
° lThe signal is used to clock the serial data transfers of the AIC. 


bathe Ral Digital supply voltage, 5 V +5% 
ect | 20 | Positive analog supply voltage, 5 V +5% 
eee ll ou Negative analog supply voltage, -5 V +5% 
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Detailed Description 


Table 2—1. Mode-Selection Function Table 


DATA-DR/ FSD/ CONTROL 
CONTROL | WORD-BYTE | REGISTER | OPERATING 
(Pin 13) (Pin 1) BIT (D5) MODE 


Data in FSD out 1 
(0 to 5 V) (0 to 5 V) 


Data in FSD out 
(0 to 5 V) (0 to 5 V) 


- a 7 
VeEc= 
- a - 


T Pin 13 has an internal pulldown resistor to —5 V, and pin 1 has an internal pullup resistor to 5 V. 


SERIAL 
CONFIGURATION 


DESCRIPTION 


Pin functions DATA-DR (pin 131), 
FSD (pin 1t), D11OUT (pin 3), 
and D10OUT (pin 11) are 


Dual-Word applicable in this configuration. 
(Telephone Synchronous, | FSD is asserted during 

One 16-Bit Word d ication. but 
Interface) secondary communication, bu 


the FSR is not asserted. 
However, FSD remains high 
during primary communication. 


Pin functions DATA-DR (pin 131), 
FSD (pin 11), D11OUT (pin 3), 
and D10OUT (pin 11) are 
applicable in this configuration. 
FSD is asserted during 
secondary communication, but 
the FSR is not asserted. 


Dual-Word . 
Asynchronous, | However, FSD remains high 

(Telephone 

Interface) One 16-Bit Word | during primary communication. If 


secondary communications occur 
while the A/D conversion is being 
transmitted from the DR (pin 5), 
FSD cannot go low, and data 
from the DATA-DR pin cannot go 
onto the DR pin (pin 5). 


Pin functions CONTROL 
(pin 13), WORD-BYTE (pin 11), 
EODR (pin 3), and EODX (pin 11) 
are applicable in this 
configuration. 


Pin functions CONTROL (pin 
13t), WORD-BYTE (pin 11), 
EODR (pin 3), and EODX (pin 11) 
are applicable in this 

configuration. 


Pin functions CONTROL (pin 
13t), WORD-BYTE (pin 11), 
EODR (pin 3), and EODX (pin 11) 
are applicable in this 

configuration. 


Pin functions CONTROL (pin 
13T), WORD-BYTE (pin 11), 
EODR (pin 3), and EODX (pin 11) 
are applicable in this 

configuration. 


Synchronous, 
One 16-Bit Word 


Asynchronous, 
One 16-bit Word 


synchronous, 
Two 8-Bit Bytes 


Asynchronous, 
Two 8-Bit Bytes 
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Internal Timing Configuration (see Figure 2—1) 


All the internal timing of the AIC is derived from the high-frequency clock signal that drives the master clock 
input pin. The shift clock signal, which strobes the serial port data between the AIC and DSP, is derived by 
dividing the master clock input signal frequency by four. 


The TX(A) counter and the TX(B) counter, which are driven by the master clock signal, determine the D/A 
conversion timing. Similarly, the RX(A) counter and the RX(B) counter determine the A/D conversion timing. 
In order for the low-pass switched-capacitor filter in the D/A path (see Functional Block Diagram) to meet 
its transfer function specifications, the frequency of its clock input must be 288 kHz. If the clock frequency 
is not 288 kHz, the filter transfer function frequencies are frequency-scaled by the ratios of the clock 
frequency to 288 kHz: 


Normalized Frequency X SCF fojoc, (KHz) 


Absolute Frequency (kHz) = 588 (1) 


For Low-Pass SCF folgck > 288 kHz, please call the factory. 


To obtain the specified filter response, the combination of master clock frequency and the TX(A) counter and 
the RX(A) counter values must yield a 288-kHz switched-capacitor clock signal. This 288-kHz clock signal 
can then be divided by the TX(B) counter to establish the D/A conversion timing. 


The transfer function of the band-pass switched-capacitor filter in the A/D path (see Functional Block 
Diagram) is a composite of its high-pass and low-pass transfer functions. When the Shift Clock Frequency 
(SCF) is 288 kHz, the high-frequency roll-off of the low-pass section will meet the band-pass filter transfer 
function specification. Otherwise, the high-frequency roll-off will be frequency-scaled by the ratio of the 
high-pass section’s SCF clock to 288 kHz (see Figure 5—5). The low-frequency roll-off of the high-pass 
section meets the band-pass filter transfer function specification wnen the A/D conversion rate is 16 kHz. 
If not, the low-frequency roll-off of the high-pass section is frequency-scaled by the ratio of the A/D 
conversion rate to 16 kHz. 


The TX(A) counter and the TX(B) counter are reloaded each D/A conversion period, while the RX(A) counter 
and the RX(B) counter are reloaded every A/D conversion period. The TX(B) counter and the RX(B) counter 
are loaded with the values in the TB and RB registers, respectively. Via software control, the TX(A) counter 
can be loaded with the TA register, the TA register less the TA’ register, or the TA register plus the TA’ register. 
By selecting the TA register less the TA’ register option, the upcoming conversion timing occurs earlier by 
an amount of time that equals TA’ times the signal period of the master clock. If the TA register plus the TA’ 
register option is executed, the upcoming conversion timing occurs later by an amount of time that equals 
TA’ times the signal period of the master clock. Thus, the D/A conversion timing can be advanced or retarded. 
An identical ability to alter the A/D conversion timing is provided. However, the RX(A) counter can be 
programmed via software control with the RA register, the RA register less the RA’ register, or the RAregister 
plus the RA’ register. 


The ability to advance or retard conversion timing is particularly useful for modem applications. This feature 
allows controlled changes in the A/D and D/A conversion timing and can be used to enhance signal-to-noise 
performance, to perform frequency-tracking functions, and to generate nonstandard modem frequencies. 


lf the transmit and receive sections are configured to be synchronous, then the low-pass and band-pass 
switched-capacitor filter clocks are derived from the TX(A) counter. Also, both the D/A and A/D conversion 
timings are derived from the TX(A) counter and the TX(B) counter. When the transmit and receive sections 
are configured to be synchronous, the RX(A) counter, RX(B) counter, RA register, RA’ register, and RB 
registers are not used. | 
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20.736 MHZ 


41.472 MHZ 
XTAL 
Osc TMS320 DSP 


MASTER CLOCK eo ie SHIFT CLOCK 
[onde aye} 
1.296 MHz 
2.592 MHz 
TA Register TA’ REGISTER 
(5 Bits) (6 Bits) 
2s-Complement TA SCF CLOCK ‘: 


Low-Pass Filter, 
(sin x)/x Filter 


Adder/Subtractor 


tp1 DO ISELECT 


Transmit Section 
D/A Conversion 
Timing 


TB Register 
(6 Bits) 7.20 kHz for TB = 40 


Mscete aidaea deat 8.00 kHz for TB = 36 
9.60 kHz for TB = 30 
14.4 kHz for TB = 20 
16.0 kHz for TB = 18 
19.2 kHz for TB = 15 


m ie eed one ae TX (8) Counter D/A Genversion 
576 kHz 288 kHz Frequency 


| RA Register | RA’ Register 
(5 Bits) (6 Bits) 


SCF CLOCK 


Low-Pass Filter 


Receive Section 
A/D Conversion 
Timing 


Adder/Subtractor| 


RB Register | 
| (6 Bits) 7.20 kHz for RB = 40 
eo | 8.00 kHz for RB = 36 
9.60 kHz for RB = 30 
14.4 kHz for RB = 20 
16.0 kHz for RB = 18 


i - , - 19.2 kHz for RB = 15 
| RX (A) Counter | er 
(6 Bits) Divide By 2 Bee Sa OMnrey High-Pass Filter, 


576 kHz 288 kHz A/D Conversion 
Frequency 


T These control bits are described in the DX Serial Data Word Format section. 
NOTES: A. Tables 2—2 and 2—3 (pages 2—9 and 2—10) are primary and secondary communication protocols, respectively. 
B. In synchronous operation, RA, RA’, RB, RX(A), and RX(B) are not used. TA, TA’, TB, TX(A), and TX(B) are 
used instead. 
C. Items in italics refer only to frequencies and register contents, which are variable. A crystal oscillator driving 
20.736 MHz into the TMS320-series DSP will provide a master clock frequency of 5.184 MHz. The TLC32046 
will produce a shift clock frequency of 1.296 MHz. If the TX(A) register contents equal 9, the SCF clock 
frequency will then be 288 kHz, and the D/A conversion frequency will be 288 kHz + T(B). 


Figure 2—1. Asynchronous Internal Timing Configuration 


Analog Input 


Two pairs of analog inputs are provided. Normally, the IN+ and IN— input pair is used; however, the auxiliary 
input pair, AUX IN+ and AUX IN-, can be used if a second input is required. Since sufficient common-mode 
range and rejection are provided, each input set can be operated in differential or single-ended modes. The 
gain forthe IN+, IN—, AUXIN +, and AUX IN— inputs can be programmed to 1, 2, or 4 (see Table 4—1). Either 
input circuit can be selected via software control. Multiplexing is controlled with the D4 bit (enable/disable 
AUX IN+ and AUX IN-) of the secondary DX word (see Table 2—3). The multiplexing requires a 2-ms wait 
at SCF = 288 kHz (see Figure 5—3) for a valid output signal. Note that a wide dynamic range is assured by 
the differential internal analog architecture and the separate analog and digital voltage supplies and grounds. 


A/D Band-Pass Filter, A/D Band-Pass Filter Clocking, and A/D 
Conversion Timing 


The receive-channel A/D high-pass filter can be selected or bypassed via software control (see Functional 
Block Diagram). The frequency response of this filter is on page 3-5. This response results when the 
switched-capacitor filter clock frequency is 288 kHz and the A/D sample rate is 16 kHz. Several possible 
options can be used to attain a 288-kHz switched-capacitor filter clock. When the filter clock frequency is 
not 288 kHz, the low-pass filter transfer function is frequency-scaled by the ratio of the actual clock frequency 
to 288 kHz (see Typical Characteristics section). The ripple bandwidth and 3-dB low-frequency roll-off points 
of the high-pass section are 300 Hz and 200 Hz, respectively. However, the high-pass section low-frequency 
roll-off is frequency-scaled by the ratio of the A/D sample rate to 16 kHz. 


Figure 2—1 and the DX Serial Data Word Format sections of this data manual indicate the many options for 
attaining a 288-kKHz band-pass switched-capacitor filter clock. These sections indicate that the RX(A) 
counter can be programmed to give a 288-kHz band-pass switched-capacitor filter clock for several master 
clock input frequencies. 


The A/D conversion rate is attained by frequency-dividing the band-pass switched-capacitor filter clock with 
the RX(B) counter. Unwanted aliasing is prevented because the A/D conversion rate is an integer 
submultiple of the band-pass switched-capacitor filter sampling rate, and the two rates are synchronously 
locked. 


A/D Converter 


Fundamental performance specifications for the receive channel ADC circuitry are on pages 3-2 and 3-3 
of this data manual. The ADC circuitry, using switched-capacitor techniques, provides an inherent 
sample-and-hold function. 


Analog Output 


The analog output circuitry is an analog output power amplifier. Both noninverting and inverting amplifier 
outputs are brought out of the IC. This amplifier can drive transformer hybrids or low-impedance loads 
directly in either a differential or single-ended configuration. 


D/A Low-Pass Filter, D/A Low-Pass Filter Clocking, and D/A Conversion 
Timing 

The frequency response of these filters is on page 3-5. This response results when the low-pass 
switched-capacitor filter clock frequency is 288 kHz (see Equation 1). Like the A/D filter, the transfer function 
of this filter is frequency-scaled when the clock frequency is not 288 kHz (see Typical Characteristics 
section). A continuous-time filter is provided on the output of the low-pass filter to eliminate the periodic 
sample data signal information, which occurs at multiples of the 288-kHz switched-capacitor clock 
feedthrough. 


The D/A conversion rate is attained by frequency-dividing the 288-kHz switched-capacitor filter clock with 
the T(B) counter. Unwanted aliasing is prevented because the D/A conversion rate is an integer submultiple 
of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously locked. 
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D/A Converter 


Fundamental performance specifications for the transmit channel DAC circuitry are on pages 3-3 and 3-4. 
The DAC has a sample-and-hold function that is realized with a switched-capacitor ladder. 


Serial Port 


The serial port has four possible configurations summarized in the Function Table on page 1-2. These 
configurations are briefly described below. 


1. The transmit and receive sections are operated asynchronously, and the serial port interfaces 
directly with the TMS3820C17. The communications protocol is two 8-bit bytes. 

2. The transmit and receive sections are operated asynchronously, and the serial port interfaces 
directly with the TMS32020, TMS320C25, and TMS320C30. The communications protocol is one 
16-bit word. 

3. The transmit and receive sections are operated synchronously, and the serial port interfaces 
directly with the TMS320C17. The communications protocol is two 8-bit bytes. 

4. The transmit and receive sections are operated synchronously, and the serial port interfaces 
directly with the TMS32020, TMS320C25, TMS320C30, or two SN74299 serial-to-parallel shift 
registers, which can interface in parallel to the TMS32010, TMS320C15, to any other digital signal 
processor, or to external FIFO circuitry. The communications protocol is one 16-bit word. 


Synchronous Operation 


When the transmit and receive sections are operated synchronously, the low-pass filter clock drives both 
low-pass and band-pass filters (see Functional Block Diagram). The A/D conversion timing is derived from 
and equal to the D/A conversion timing. When data bit D5 in the control register is a logic 1, transmit and 
receive sections are synchronous. The band-pass switched-capacitor filter and the A/D converter timing are 
derived from the TX(A) counter, the TX(B) counter, and the TA and TA’ registers. In synchronous operation, 
both the A/D and the D/A channels operate from the same frequencies. The FSX and the FSR timing is 
identical during primary communication, but FSR is not asserted during secondary communication because 
there is no new A/D conversion result. 


One 16-Bit Word (Dual-Word [Telephone Interface] or Word Mode) 


The serial port interfaces directly with the serial ports of the TMS32020, TMS320C25, and the TMS320C30, 
and communicates in one 16-bit word. The operation sequence is as follows: 


The FSX and FSR pins are brought low by the TLC32046 AIC. 

One 16-bit word is transmitted and one 16-bit word is received. 

The FSX and FSR pins are brought high. 

The EODX and EODR pins emit low-going pulses one shift clock wide. EODX and EOQDR are valid 
in the word or byte mode only. 


ge ND: <* 


If the device is in the dual-word (telephone interface) mode, FSD goes low during the secondary 
communication period and enables the data word received at the DATA-DR/CONTROL input pin to be routed 
to the DR line. The secondary communication period occurs four shift clocks after completion of primary 
communications. 


Two 8-Bit Bytes (Byte Mode) 


The serial port interfaces directly with the serial port of the TMS320C17 and communicates in two 8-bit bytes. 
The operation sequence is as follows: 


1. The FSX and FSR pins are brought low. 

2. One 8-bit word is transmitted and one 8-bit word is received. 

3. The EQDX and EODR pins are brought low. 

4. The FSX and FSR pins emit positive frame-sync pulses that are four shift clock cycles wide. 
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5. One 8-bit byte is transmitted and one 8-bit byte is received. 
6. The FSX and FSR pins are brought high. 
7. The EODX and EODR pins are brought high. 


Synchronous Operating Frequencies 
The synchronous operating frequencies are determined by the following equations. 
Switched capacitor filter (SCF) frequencies (see Figure 2-1): 


master clock frequency 


Low- pass SCF clock frequency (D/A and A/D channels) = T(A) xX 2 


High-pass SCF clock frequency (A/D channel) = A/D conversion frequency 


Low pass SCF clock frequency 


Conversion frequency (A/D and D/A channels) = T(B) 


master clock frequency 
T(A) X 2 X T(B) 


NOTE: T(A), T(B), R(A), and R(B) are the contents of the TA, TB, RA, and RB registers, respectively. 
Asynchronous Operation 


When the transmit and the receive sections are operated asynchronously, the low-pass and band-pass filter 
clocks are independently generated from the master clock. The D/A and the A/D conversion timing is also 
determined independently. 


D/A timing is set by the counters and registers described in synchronous operation, but the RA and RB 
registers are substituted for the TA and TB registers to determine the A/D channel sample rate and the A/D 
path switched-capacitor filter frequencies. Asynchronous operation is selected by control register bit D5 
being zero. 


One 16-Bit Word (Word Mode) 


The serial port interfaces directly with the serial ports of the TMS32020, TMS320C25, and TMS320C30 and 
communicates with 16-bit word formats. The operation sequence is as follows: 


The FSX or FSR pins are brought low by the TLC32046 AIC. 

One 16-bit word is transmitted or one 16-bit word is received. 

The FSX or FSR pins are brought high. 

The EODX or EODR pins emit low-going pulses one shift clock wide. EODX and EODR are valid 
in either the word or byte mode only. 


Two 8-Bit Bytes (Byte Mode) 


The serial port interfaces directly with the serial port of the TMS320C17 and communicates in two 8-bit bytes. 
The operating sequence is as follows: 


The FSX or FSR pins are brought low by the TLC32046 AIC. 

One byte is transmitted or received. 

The EODX or EODR pins are brought low. 

The FSX or FSR pins are brought high for four shift clock periods and then brought low. 
The second byte is transmitted or received. 

The FSX or FSR pins are brought high. 

The EODX or EODR pins are brought high. 


oe 


MOP SY 


Asynchronous Operating Frequencies 


The asynchronous operating frequencies are determined by the following equations. 


Switched-capacitor filter frequencies (see Figure 2—1): 


st lock fre 

Low- pass D/A SCF clock frequency = > 
T(A) X 2 

master clock frequency 


Low-pass A/D SCF clock frequency R(A) x 2 


I 


High- pass SCF clock frequency (A/D channel) = A/D conversion frequency (2) 


Conversion frequency: 


Low- pass D/A SCF clock frequency 
T(B) 


D/A conversion frequency 


Low-pass A/D SCF clock frequency (for low pass receive filter) 
R(B) 


A/D conversion frequency 


NOTE: T(A), T(B), R(A), and R(B) are the contents of the TA, TB, RA, and RB registers, respectively. 
Operation of TLC32046 With Internal Voltage Reference 


The internal reference of the TLC32046 eliminates the need for an external voltage reference and provides 
overall circuit cost reduction. The internal reference eases the design task and provides complete control 
of the IC performance. The internal reference is brought out to pin 8. To keep the amount of noise on the 
reference signal to a minimum, an external capacitor can be connected between REF and ANLG GND. 


Operation of TLC32046 With External Voltage Reference 


The REF pin can be driven from an external reference circuit. This external circuit must be capable of 
supplying 250 uA and must be protected adequately from noise and crosstalk from the analog input. 


Reset 


A reset function is provided to initiate serial communications between the AIC and DSP and to allow fast, 
cost-effective testing during manufacturing. The reset function initializes all AIC registers, including the 
control register. After a negative-going pulse on the RESET pin, the AIC is initialized. This initialization allows 
normal serial port communications activity to occur between AIC and DSP (see AIC DX Data Word Format 
section). After RESET, TA=TB=RA=RB=18 (or 12 hexadecimal), TA’=RA’=01 (hexadecimal), the A/D 
high-pass filter is inserted, the loop-back function is deleted, AUX IN+ and AUX IN-— pins are disabled, 
transmit and receive sections are in synchronous operation, programmable gain is set to 1, the on-board 
(sin x)/x correction filter is not selected, D10 OUT is set to 0, and D11 OUT is set to 0. 


Loopback 


This feature allows the circuit to be tested remotely. In loopback, the OUT+ and OUT-— pins are internally 
connected to the IN+ and IN— pins. The DAC bits (D15 to D2), which are transmitted to the DX pin, can be 
compared with the ADC bits (D15 to D2), received from the DR pin. The bits on the DR pin equal the bits 
on the DX pin. However, there is some difference in these bits due to the ADC and DAC output offsets. 


The loopback feature is implemented with digital signal processor control by transmitting a logic 1’ for data 
bit D3 in the DX secondary communication to the control register (see Table 2-3). 


Communications Word Sequence 


In the Dual-Word (Telephone Interface) mode, there are two data words that are presented to the DSP or 
uP from the DR terminal. The first data word is the ADC conversion result occurring during the FSR time, 
and the second is the serial data applied to the DATA-DR pin during the FSD time. FSR is not asserted during 
secondary communications and FSD is not asserted during primary communications. 


Primary 4 Shift Secondary 
| Communications | ¢igocks | Communications | 
| 
| | | | 
DX-14 Bits Digital 11 DX-14 Bits Digital XX TLO32046 
FSX From DSP to DAC From DSP 


Input for D/A 
Conversion 


input for Register 
Program 


TLC32046 
| | | | 
| | | | 
2s Complement Output TLC32046 
From ADC to the DSP | | Dual-Word 
FSR | | (Telephone Interface) 
| | | | Mode Only 
| | | | 
, 16 bits Digital From TLC32046 
FSD | | DATA-DR to DR euarrere 
| | (Telephone Interface) 
| | | | Mode Only 
| | | | 
DR 2s Complement Output Data From DATA-DR 
From ADC to the DSP to the DSP TLC32046 
| | | | Dual-Word 
| | | | (Telephone Interface) 
——= 16 bits we = 16 bits ae Mode Only 


Figure 2-2. Primary and Secondary Communications Word Sequence 


DR SERIAL DATA WORD FORMAT 


DR Word Bit Pattern 


A/D MSB 
1st bit sent A/D LSB 


,b15 | 014 | D13 | O12 | O11 | Dio | bg | os | o7 | 06 | Ds | D4 | D3 | v2 | Dt | Do | 


The data word is the 14-bit conversion result of the receive channel to the processor in 2s complement 
format. With 16-bit processors, the data is 16 bits long with the two LSBs at zero. Using 8-bit processors, 
the data word is transmitted in the same order as one 16-bit word, but as two bytes with the two LSBs of the 
second byte set to zero. 
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DX SERIAL DATA WORD FORMAT 


Primary DX Word Bit Pattern 


A/D OR D/A MSB 
1st bit sent 1st bit sent of 2nd byte A/D or D/A LSB 


(515 | b14 | 013 [ 012 [ D1 | D10 {| O9 | bs | o7 | de | os | ds | 03 | b2 | 01 | bo | 


Table 2-2. Primary DX Serial Communication Protocol 


___rncrions—SSCS~™~—SCSCSCSTCCCSd BBO 


D15 (MSB)-D2 — DAC Register. 

TA — TX(A), RA — RX(A). See Figure 2-1. 
TB — TX(B), RB — RX(B). See Figure 2-1. 
D15 (MSB)-D2 — DAC Register. 
TA+TA’ — TX(A), RA+RA’ — RX(A). See Figure 2-1. 

TB — TX(B), RB — RX(B). See Figure 2-1. 

The next D/A and A/D conversion period will be changed by the addition of TA’ and RA’ master clock cycles, 
in which TA’ and RA’ can be positive, negative, or zero. Refer to Table 2-4, AIC Responses to Improper 
Conditions. 


D15 (MSB)-D2 — DAC Register. 
TA-TA’ -— TX(A), RA-—RA’ - RX(A). See Figure 2-1. 

TB — TX(B), RB — RX(B). See Figure 2-1. 

The next D/A and A/D conversion period will be changed by the subtraction of TA’ and RA’ master clock 
cycles, in which TA’ and RA’ can be positive, negative, or zero. Refer to Table 2-4, AIC Responses to 
Improper Conditions. 


D15 (MSB)-D2 — DAC Register. 
TA — TX(A), RA - RX(A). See Figure 2-1. 
TB — TX(B), RB — RX(B). See Figure 2-1. 
After a delay of four shift cycles, a secondary transmission follows to program the AIC to operate in the 
desired configuration. In the telephone interface mode, data on DATA DR (pin 13) is routed to DR (Serial 
Data Output) during secondary transmission. 


NOTE: Setting the two least significant bits to 1 in the normal transmission of DAC information (primary communications) 
to the AIC initiates secondary communications upon completion of the primary communications. When the 
primary communication is complete, FSX remains high for four SHIFT CLOCK cycles and then goes low and 
initiates the secondary communication. The timing specifications for the primary and secondary communications 
are identical. In this manner, the secondary communication, ifinitiated, is interleaved between successive primary 
communications. This interleaving prevents the secondary communication from interfering with the primary 
communications and DAC timing. This prevents the AIC from skipping a DAC output. It is important to note that 


FSR is not asserted during secondary communications activity. However, in the dual-word (telephone interface) 
mode, FSD is asserted during secondary communications but not during primary communications. 
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Secondary DX Word Bit Pattern 


D/A MSB 
1st bit sent 1st bit sent of 2nd byte D/A LSB 


| | | 
ois [ors [bis [Diz [ON [Io | bo | be | or [bs | os [4] os | 2 [oi | DOT 


Table 2-3. Secondary DX Serial Communication Protocol 
FUNCTIONS 


D13 (MSB)-D9 — TA, 5 bits unsigned binary. See Figure 2-1. 
| D6 (MSB)-D2 — RA, 5 bits unsigned binary. See Figure 2-1. 
D15,D14, D8, and D7 are unassigned. 


D14 (sign bit)-D9 —» TA’, 6 bits 2s complement. See Figure 4. 
D7 (sign bit)-D2 — RA’, 6 bits 2s complement. See Figure 2-1. 
D15 and D8 are unassigned. 


D14 (MSB)-D9 — TB, 6 bits unsigned binary. See Figure 2-1. 
D7 (MSB)-D2 — RB, 6 bits unsigned binary. See Figure 2—1. 
D15 and D8 are unassigned. 


D2 = 0/1 deletes/inserts the A/D high-pass filter. 

D3 = 0/1 deletes/inserts the loopback function. 

D4 = 0/1 disables/enables the AUX IN+ and AUX IN- pins. 

D5 = 0/1 asynchronous/synchronous transmit and receive sections. 

D6 = 0/1 gain control bits (see Table 4—1). 

D7 = 0/1 gain control bits (see Table 4—1). 

D9 = 0/1 delete/insert on-board second-order (sinx)/x correction filter 
| D10 = 0/1 output to DIOOUT (dual-word (telephone interface) mode) 

D11 = 0/1 output to D110OUT (dual-word (telephone interface) mode) 

D8, Di2—D15 are unassigned. 


Reset Function 


A reset function is provided to initiate serial communications between the AIC and DSP. The reset function 
initializes all AIC registers, including the control register. After power has been applied to the AIC, a 
negative-going pulse on the RESET pin initializes the AIC registers to provide a 16-kHz A/D and D/A 
conversion rate for a 10.368-MHz master clock input signal. Also, the pass-bands of the A/D and D/A filters 
are 300 Hz to 7200 Hz and 0 Hz to 7200 Hz, respectively. Therefore, the filter bandwidths are half those 
shown in the filter transfer function specification section. The AIC, excepting the CONTROL register, is 
initialized as follows (see AIC DX Data Word Format section): 


REGISTER TA TA’ TB RA_ RA’ RB 
INITIALIZED VALUE (HEX) 12 O01 12 12 01 12 


The CONTROL register bits are reset as follows (see Table 2-3): 
D11=0,D10=0,D9=1,D7=1,D6=1,D5=1,D4=0,D3=0, D2=1 


This initialization allows normal serial port communications to occur between the AIC and the DSP. If the 
transmit and receive sections are configured to operate synchronously and the user wishes to program 
different conversion rates, only the TA, TA’, and TB register need to be programmed. Both transmit and 
receive timing are synchronously derived from these registers (see the Terminal Functions and DX Serial 
Data Word Format sections). 


Figure 2—3 shows a Circuit that provides a reset on power-up when power is applied in the sequence given 
inthe Power-Up Sequence section. The circuit depends on the power supplies reaching their recommended 
values a minimum of 800 ns before the capacitor charges to 0.8 V above DGTL GND. 
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TLC32046 


Figure 2-3. Reset on Power-Up Circuit 


Power-Up Sequence 


To ensure proper operation of the AIC and as a safeguard against latch-up, it is recommended that Schottky 
diodes with forward voltages less than or equal to 0.4 V be connected from Vec_ to ANLG GND and from 
Voc—to DGTL GND. Inthe absence of such diodes, power is applied in the following sequence: ANLG GND 
and DGTL GND, Voc_, then Voc, and Vpp. Also, no input signal is applied until after power-up. 


AIC Register Constraints 
The following constraints are placed on the contents of the AIC registers: 


. TAregister must be 2 4 in word mode (WORD/BYTE= High). 
. TAregister must be 2 5 in byte mode (WORD/BYTE= Low). 

. TA’ register can be either positive, negative, or zero. 

. RA register must be = 4 in word mode (WORD/BYTE = High). 
RA register must be = 5 in byte mode (WORD/BYTE = Low). 

. RA‘ register can be either positive, negative, or zero. 

. (TA register + TA’ register) must be > 1. 

. (RA register + RA’ register) must be > 1. 

. TB register must be = 15. 

10. RB register must be 2 15. 


OMNOnNARWOD = 


AIC Responses to Improper Conditions 


The AIC has provisions for responding to improper conditions. These improper conditions and the response 
of the AIC to these conditions are presented in Table 2—4. 


Table 2-4. AlC Responses to Improper Conditions 


IMPROPER CONDITION AIC RESPONSE 


TA register + TA’ register = 0 or 1 Reprogram TX(A) counter with TA register value 
TA register — TA’ register = 0 or 1 | 


TA register + TA’ register < 0 MODULO 64 arithmetic is used to ensure that a positive value is 
loaded into TX(A) counter, i.e., TA register + TA’ register + 40 HEX 
is loaded into TX(A) counter. 


RA register + RA’ register = Oor1 Reprogram RX(A) counter with RA register value 
RA register — RA’ register = 0 or 1 


RA register + RA’ register = 0 or 1 MODULO 64 arithmetic is used to ensure that a positive value is 
loaded into RX(A) counter, i.e., RA register + RA’ register + 40 HEX 
is loaded into RX(A) counter. 


TA register = 0 or 1 AIC is shut down. Reprogram TA or RA registers after a reset. 
RA register = 0 or 1 


TA register < 4 in word mode The AIC serial port no longer operates. Reprogram TA or RA 
registers after a reset. 


TA register < 5 in byte mode 
RA register < 4 in word mode 
RA register < 5 in byte mode 


TB register < 15 Reprogram TB register with 12 HEX 
RB register < 15 Reprogram RB register with 12 HEX 
AIC and DSP cannot communicate Hold last DAC output 


Operation With Conversion Times Too Close Together 


If the difference between two successive D/A conversion frame syncs is less than 1/25 kHz, the AIC operates 
improperly. In this situation, the second D/A conversion frame sync occurs too quickly, and there is not 
enough time for the ongoing conversion to be completed. This situation can occur if the A and B registers 
are improperly programmed or if the A + A’ register result is too small. When incrementally adjusting the 
conversion period via the A + A’ register options, the designer should not violate this requirement. See 
Figure 2-4. 


ty to 


Frame Sync 
(FSX or FSR) 
<— Ongoing Conversion —| 


to - ty s 1/25 kHz 


Figure 2-4. Conversion Times Too Close Together 


More Than One Receive Frame Sync Occurring Between Two Transmit 
Frame Syncs — Asynchronous Operation 


When incrementally adjusting the conversion period via the A + A’ or A—A\’ register options, a specific 
protocol is followed. The command to use the incremental conversion period adjust option is sent to the AIC 
during an FSX frame sync. The ongoing conversion period is then adjusted; however, either receive 
conversion period A or conversion period B may be adjusted. For both transmit and receive conversion 
periods, the incremental conversion period adjustment is performed near the end of the conversion period. 
If there is sufficient time between t; and to, the receive conversion period adjustment is performed during 
receive conversion period A. Otherwise, the adjustment is performed during receive conversion period B. 
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The adjustment command only adjusts one transmit conversion period and one receive conversion period. 
To adjust another pair of transmit and receive conversion periods, another command must be issued during 
a subsequent FSX frame (see Figure 2—5). 


ty 


FSX | | | | 


¢<—____ Transmit Conversion Period —_——-» 


FSR 
| | | 
Receive Conversion Receive Conversion 
Period A Period B 


Figure 2—5. More Than One Receive Frame Sync Between Two Transmit Frame Syncs 


More Than One Transmit Frame Sync Occurring Between Two Receive 
Frame Syncs — Asynchronous Operation 


When incrementally adjusting the conversion period via the A+ A’ or A—A’ register options, a specific 
protocol must be followed. For both transmit and receive conversion periods, the incremental conversion 
period adjustment is performed near the end of the conversion period. The command to use the incremental 
conversion period adjust options is sent to the AIC during an FSX frame sync. The ongoing transmit 
conversion period is then adjusted. However, three possibilities exist for the receive conversion period 
adjustment as shown in Figure 2-6. When the adjustment command is issued during transmit conversion 
period A, receive conversion period A is adjusted if there is sufficient time between t1 and t2. If there is not 
sufficient time between t1 and t2, receive conversion period B is adjusted. The third option is that the receive 
portion of an adjustment command can be ignored if the adjustment command is sent during a receive 
conversion period, which is adjusted due to a prior adjustment command. For example, if adjustment 
commands are issued during transmit conversion periods A, B, and C, the first two commands may cause 
receive conversion periods A and B to be adjusted, while the third receive adjustment command is ignored. 
The third adjustment command is ignored since it was issued during receive conversion period B, which 
already is adjusted via the transmit conversion period B adjustment command. 


4 
Transmit Transmit Transmit —» 
Conversion | Conversion Conversion | 
Period A Period B Period C 


tg 


FSR | | | | | | 
ea Receive Conversion Period A eee Receive Conversion Period B = 


Figure 2-6. More Than One Transmit Frame Sync Between Two Receive Frame Syncs 


More than One Set of Primary and Secondary DX Serial 
Communications Occurring Between Two Receive Frame Syncs (See DX 
Serial Data Word Format section) — Asynchronous Operation 


The TA, TA’, TB, and control register information that is transmitted in the secondary communication is 
accepted and applied during the ongoing transmit conversion period. If there is sufficient time between t, 
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and to, the TA, RA’, and RB register information, sent during transmit conversion period A, is applied to 
receive conversion period A. Otherwise, this information is applied during receive conversion period B. If 
RA, RA’, and RB register information has been received and is being applied during an ongoing conversion 
period, any subsequent RA, RA’, or RB information received during this receive conversion period is 
disregarded. See Figure 2-7. 


Primary Secondary't Primary Secondary Primary Secondary 
FSX 
| Transmit | Transmit | Transmit | 
‘*————- Conversion —— >" Conversion ——_ >" Conversion —— 
Preload A Preload B Preload C 
ta 
FSR 
Receive | Receive | 
<+—- Conversion ——+——————-_ Conversion ——————-____ 
Period A Period B 


Figure 2—7. More Than One Set of Primary and Secondary DX Seria! Communications 
Between Two Receive Frame Syncs 


System Frequency Response Correction 


The (sin x)/x correction for the DAC zero-order sample-and-hold output can be provided by an on-board 
second-order (sin x)/x correction filter (see Functional Block Diagram). This (sin x)/x correction filter can be 
inserted into or omitted from the signal path by digital-signal-processor control (data bit D9 in the DX 
secondary communications). When inserted, the (sin x)/x correction filter precedes the switched-capacitor 
low-pass filter. When the TB register (see Figure 2-1) equals 15, the correction results of Figures 5—8, 5—9, 
and 5-10 can be obtained. 


The (sin x)/x correction [see section (sin x)/x] can also be accomplished by disabling the on-board 
second-order correction filter and performing the (sin x)/x correction in digital signal processor software. The 
system frequency response can be corrected via DSP software to + 0.1 dB accuracy to a band edge of 
3000 Hz for all sampling rates. This correction is accomplished with a first-order digital correction filter, that 
requires seven TMS320 instruction cycles. With a 200-ns instruction cycle, seven instructions represent an 
overhead factor of 1.1% and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the (sin x)/x 
Correction Section for more details). 


(sin x)/x Correction 


If the designer does not wish to use the on-board second-order (sin x)/x correction filter, correction can be 
accomplished in digital signal processor (DSP) software. (sin x)/x correction can be accomplished easily 
and efficiently in digital signal processor software. Excellent correction accuracy can be achieved to a band 
edge of 3000 Hz by using a first-order digital correction filter. The results shown below are typical of the 
numerical correction accuracy that can be achieved for sample rates of interest. The filter requires seven 
instruction cycles per sample on the TMS320 DS. With a 200-ns instruction cycle, nine instructions per 
sample represents an overhead factor of 1.4% and 1.7% for sampling rates of 8000 Hz and 9600 Hz, 
respectively. This correction adds a slight amount of group delay at the upper edge of the 300-Hz to 3000-Hz 
band. . 


(sin x)/x Roll-Off for a Zero-Order Hold Function 


The (sin x)/x roll-off error for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz 
for the various sampling rates is shown in Table 2—5 (see Figure 5—10). | 
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Table 2—5. (sin x)/x Roll-Off Error 


_ sin x f/ts 
Error = 20 log n tits 


f = 3000 Hz 
(dB) 


The actual AIC (sin x)/x roll-off is slightly less than the figures above because the AIC has less than 100% 
duty cycle hold interval. 


Correction Filter 


To externally compensate for the (sin x)/x roll-off of the AIC, a first-order correction filter can be implemented 
as shown in Figure 2-8. 


U (i + 1) Y(i + 1) 


(1 —p1) p2 


p1 


Figure 2-8. First-Order Correction Filter 
The difference equation for this correction filter is: 
Vfi+1) =P2-(1—pl) Uggs 1) + PT: Yi (4) 
where the constant p1 determines the pole locations. 
The resulting squared magnitude transfer function is: 


(p2)? - (1-p1)? 


H ST ee eae ee 
| (f | 1-2 -p1-cos (2m f/f.) + (p1)2 


Correction Results 


Table 2-6 shows the optimum p values and the corresponding correction results for 8000-Hz and 9600-Hz 
sampling rates (see Figures 5—8, 5—9, and 5-10). 


Table 2—6. (sin x)/x Correction Table for f, = 8000 Hz and f, = 9600 Hz 
ROLL-OFF ERROR (dB) ROLL-OFF ERROR (dB) 


fs = 8000 Hz fs = 9600 Hz 
f (Hz) pi =—0.14813 p1 = -0.1307 
p2 = 0.9888 p2 = 0.9951 


ee 
a 
200 0.08 
480000 
2700s 


TMS320 Software Requirements 


The digital correction filter equation can be written in state variable form as follows: 


Y(i+1) = Yi) KT + Upj44) ke 


where k1 = p1, k2 = (1 — p1)p2, y(i) is the filter state, and u(i+1) is the next |/O sample. The coefficients k1 
and k2 must be represented as 16-bit integers. The SACH instruction (with the proper shift) yields the correct 
result. With the assumption that the TMS320 processor page pointer and memory configuration are properly 
initialized, the equation can be executed in seven instructions or seven cycles with the following program: 


ZAC 

LT K2 

MPY U 

LTA Kl 

MPY Y 

APAC 

SACH (dma), (shift) 
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Specifications 


Absolute Maximum Ratings Over Operating Free-Air Temperature Range 
(Uniess Otherwise Noted) 


Supply voltage range, Voc, (see Note 1) 2... ec eee ees —0.3Vto15V 
Supply voltage range, Vpp ..... cece c ee cee cee etn enantunceseeaas —0.3Vto 15 V 
OUIpUL Voltage fangs, V6. .cvinsivewnr gs ceeoeuea Seheat Aas —0.3Vto 15 V 
INPUT VOLTAGE TANGC AV [ii 'v3-eaceaw newt baeiwreenee caged ea eaaieamaew anus —0.3Vto 15V 
Digital ground voltage range ........ cece cc ete tenets —0.3Vto 15 V 
Operating free-air temperature range: TLC32046C .............000 eee 0°C to 70°C 

ThKO@S2046)) coiwiiowii seid —40°C to 85°C 
Storage temperature range ...... cee ce cee eee ete eee ee eens —40°C to 125°C 
Case temperature for 10 seconds: FN package .............ce cece e eee eeees 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ... 260°C 


NOTE 1: Voltage values for maximum ratings are with respect to Voc_. 


Recommended Operating Conditions 


Supply voltage, Voc, (see Note 2 4.75 5 5.25 

Supply voltage, Vcc — (see Note 2 —4,75 —5 —5,25 

Digital supply voltage, Vpp (see Note 2 4.75 5 5.25 
5 


Cc 


Digital ground voltage with respect to ANLG GND, DGTL GND ae ae 
Reference input voltage, Vrefiext) (see Note 2 i ee 7) 


2 4 
High-level input voltage, Viy 2 Vpp+0.3 
Low-level input voltage, Vit (see Note 3 —0.3 0.8 
0 


Load capacitance at OUT+ and/or OUT— 100 p 


) 
= ) 
; ) | 
( ) 
( ) 
“GL 00 
ie 
I ) 
Z 


Analog input amplifier common mode input voltage (see Note 5 V 
A/D or D/A conversion rate Re cate aes tae OO kH 
ae TLC32046C 
Operating free-air temperature range, Ta : 
TLC32046! —40 85 ; 


NOTES: 2. Voltages at analog inputs and outputs, REF, Vcc, and Vcc — are with respect to the ANLG GND terminal. 
Voltages at digital inputs and outputs and Vpp are with respect to the DGTL GND terminal. 

3. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used 
in this data manual for logic voltage levels only. 

4. Theband-pass switched-capacitor filter (SCF) specifications apply only when the low-pass section SCF clock 
is 288 kHz and the high-pass section SCF clock is 16 kHz. If the low-pass SCF clock is shifted from 288 kHz, 
the low-pass roll-off frequency shifts by the ratio of the low-pass SCF clock to 288 kHz. If the high-pass SCF 
clock is shifted from 16 kHz, the high-pass roll-off frequency shifts by the ratio of the high-pass SCF clock 
to 16 kHz. Similarly, the low-pass switched-capacitor filter (SCF) specifications apply only when the SCF 
clock is 288 kHz. If the SCF clock is shifted from 288 kHz, the low-pass roll-off frequency shifts by the ratio 
of the SCF clock to 288 kHz. 

5. This range applies when (IN+ — IN—) or (AUX IN+ — AUX IN-) equals + 6 V. 


nN 
o 


6 


Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range, Vcc, = 5 V, Voc— =—-5 V;, Vpp = 5 V (Unless 
Otherwise Noted) 


total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded 


Supply current from 
ICC+ Voc, TLC32046! 
CC- 


Supply current from TLC32046C 
| Voc_ TLC320461 


IpDp Supply current from Vpp 


Vref _ Internal reference output voltage 


Temperature coefficient of 
a 
Vref internal reference voltage 


power supply rejection and crosstalk attenuation 


TEST CONDITIONS MIN TYPt MAX{ UNIT 


Idle channel, supply : 
signal at 200 mV p-p 30 
a 


_ measured at DR (ADC 
7 . output) 

VCOC+ or VCC_ supply voltage | Idle channel, supply 

rejection ratio, transmit channel ~ signal at 200 mV p-p 

(single-ended) | f = 30 kHz to 50 kHz | measured at OUT+ 
[er a i 

(single-ended) | on 
serial port | 
[SSSSCSPARAMETER =| TESTCONDITIONS | MIN TYPT MAX] UNIT | 

i__Input current ee eS) 
fii __Inputcurrent, DATADRICONTROL | TIO WA 
fc; Inputcapactance——SSC«SCSSCSC*~“‘“CS*LOC#C#‘#N’#C’TOCi’SCO CS 
[Co Outputcapactance——SSC~—~“~*~*é‘iRSC“‘SSOCOCOC~;‘dYCCOV'CCC(#NS”~OCOdYCO 


T All typical values are at Tp = 25°C. 


| PARAMETER 


f = 0 to 30 kHz 


f = 30 kHz to 50 kHz 


f = 0 to 30 kHz 


VoC+ or VCC-— supply voltage 
rejection ratio, receive channel 


receive amplifier input 


PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT 
A/D converter offset error (filters in) 


EC 
Common-mode rejection ratio at IN+, IN-, | | 
Input resistance at IN+, IN— , | | | 
fu Saveneaucnsner | ft | 


NOTE 6: The test condition is a 0O-dBm, 1-kHz input signal with a 16-kHz conversion rate. 
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Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range, Vcc, = 5 V, Vec— =—-5 V; Vpp = 5 V (Unless 
Otherwise Noted) (Continued) 


transmit filter output 


PARAMETER TEST CONDITIONS MIN TYPt MAX] UNIT 


Output offset voltage at OUT+ or OUT— 
Voo | 15 80 
_ (single-ended relative to ANLG GND) 
Vom Maximum peak output voltage swing across Ry = 300 2 


Ry at OUT+ or OUT- (single-ended) Offset voitage = 0 


Vom Maximum peak output voltage swing between RL = 600 2 +6 V 
| OUT+ and OUT- (differential output) | 
T All typical values are at Ta = 25°C. 
receive and transmit channel system distortion, SCF clock frequency = 288kHz 


(see Note 7) 
A/D input signal | differential | 62 70 ea 
Attenuation of third and higher Vipi= aeRO er ae | 
Attenuation of second harmonic of | - | 
Attenuation of third and higher | single-ended | 


T All typical values are at Ta = 25°C. 


Vin = —0 dB to -24 dB 


receive channel signal-to-distortion ratio (see Note 7) 


ae - mai oa : 
PARAMETER TEST CONDITIONS MIN MAX MIN. MAX [MIN MAX | 


he 
Vin = —6 dB to -0.1 dB 
Vin =-12 dB to -6 dB 8 
Vin = -18 dB to—12 dB 8 

6 

0 

8 

2 

2 


A/D channel signal-to- 
distortion ratio 


Vin= =54 dB 0 —40 68 | 


t Ay is the programmable gain of the input amplifier. 


§ Measurements under these conditions are unreliable due to overrange and signal clipping. 
NOTE 7: The test condition is a 1-kHz input signal with a 16-kHz conversion rate. The load impedance for the DAC is 
600 22. Input and output voltages are referred to Vref. 


ee 
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Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range, Vcc, = 5 V, Vec— = —5 V, Vpp = 5 V (Unless 
Otherwise Noted) (Continued) 


transmit channel signal-to-distortion ratio (see Note 7) 


[PARAMETER _———~«|__TESTGONDITIONS | MIN MAX] UNIT | 
Vin = —24 dB to -18 dB 


D/A channel signal-to-distortion ratio 


Vin = —42 dB to -36 dB 
| _ Vin = —48 dB to -42 dB 
Vin = —54 dB to —48 dB 


NOTE 7: The test condition is a 1-kHz input signal with a 16-kKHz conversion rate. The load impedance for the DAC is 
600 Q. Input and output voltages are referred to Vref. 


PARAMETER TEST CONDITIONS MIN TYPT MAX[ UNIT | 
Transmit gain tracking error Vout =—48 dB to 0 dB signal range +0.05 +0.15 | dB | 
Receive gain tracking error Vin = —48 dB to 0 dB signal range +0.05 +0.15 | dB 


NOTE 8: Gain tracking is relative to the absolute gain at 1 kHz and 0 dB (0 dB relative to Vref)- 


receive and transmit gain and dynamic range (see Note 8) 


receive channel band-pass filter transfer function, SCF fojoc, = 288 KHz, input 
(IN+ —IN—) is a +3-V sine wave? (see Note 9) 


PARAMETER ae FREQUENCY | ADJUSTMENT | MIN TYPt MAX 
CONDITION | | 
| f =< 100 Hz K1x0dB —33 -29 -25) 
[¥= 200 Hz Kix-02608 [| -4 2-1, 
f = 300 Hz to 6200 Hz | K1x0dB —0.25 0 0.25 
f = 6200 Hz to 6600 Hz | K1 xO dB —0.3 0 0.3 | 
Filter gain f = 6600 Hz to 7300 Hz | K1 xO dB —0.5 0 0.5 
| f = 7600 Hz K1 x 2.3 dB —5 —2 -0.5 
f = 8000 Hz K1 x 2.7 dB —16 —14 
f= 8800 He Kix 8.2 a8 
_| f= 10000 Hz K1 x 0 dB 

T All typical values are at Ta = 25°C. 

+ The MIN, TYP, and MAX specifications are given for a 288-kHz SCF clock frequency. A slight error in the 288-kHz SCF 
may result from inaccuracies in the MSTR CLK frequency, resulting from crystal frequency tolerances. If this frequency 
error is less than 0.25%, the ADJUSTMENT ADDEND should be added to the MIN, TYP, and MAX specifications, where 
K1 = 100 « [(SCF frequency — 288 kHz)/288 kHz]. For errors greater than 0.25%, see Note 9. 

NOTE 9: The filter gain outside of the pass band is measured with respect to the gain at 1 kHz. The filter gain within the 

pass band is measured with respect to the average gain within the pass band. The pass bands are 300 Hz 
to 7200 Hz and 0 to 7200 Hz for the band-pass and low-pass filters, respectively. For switched-capacitor filter 


clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio of switched-capacitor filter 
clock frequency to 288 kHz. 


Input signal 
reference is 0 dB 
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Electrical Characteristics Over Recommended Operating Free-Air 
Temperature Range, Vcc, = 5 V, Vec— = —5 V, Vpp = 5 V (Unless 
Otherwise Noted) (Continued) 


receive and transmit channel low-pass filter transfer function, 
SCF foiock = 288 KHz (See Note 9) 


PVE Signa! f = 7600 Hz Ki x 2.3 dB 

reference is 0 dB 

. f = 8000 Hz K1 x 2.7 dB —16 —14 
f = 8800 Hz K1x3.2dB 
f = 10000 Hz K1 x0dB 


T All typical values are at Ta = 25°C. 

+ The MIN, TYP, and MAX specifications are given for a 288-kHz SCF clock frequency. A slight error in the 288-kHz SCF 
may result from inaccuracies in the MSTR CLK frequency, resulting from crystal frequency tolerances. If this frequency 
erroris less than 0.25%, the ADJUSTMENT ADDEND should be added tothe MIN, TYP, and MAX specifications, where 
K1 = 100 ¢ [(SCF frequency — 288 kHz)/288 kHz]. For errors greater than 0.25%, see Note 9. 

NOTE 9: The filter gain outside of the pass band is measured with respect to the gain at 1 kHz. The filter gain within the 
pass band is measured with respect to the average gain within the pass band. The pass bands are 300 Hz 
to 7200 Hz and 0 to 7200 Hz for the band-pass and low-pass filters, respectively. For switched-capacitor filter 
clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio of switched-capacitor filter 
clock frequency to 288 kHz. 


Operating Characteristics Over Recommended Operating Free-Air 
Temperature Range, Vcc, = 5 V, Vec—_ =-5 V, Vpp = 5 V 


receive and transmit noise (measurement includes low-pass and band-pass 


switched-capacitor filters) 
| | PARAMETER TEST CONDITIONS Typt MAX | UNIT 
250 500 


broadband with (sin x)/x 
0 to 30 kHz with (sin x)/x 
0 to 30 kHz without (sin x)/x 
0 to 3.4 kHz with (sin x)/x 
0 to 3.4 kHz without (sin x)/x 


0 to 6.8 kHz with (sin x)/x 
[wide-band operation with 7.2 kHz 
roll-off] 

0 to 6.8 kHz without (sin x)/x 
[wide-band operation with 7.2 kHz 
roll-off] 


7 | 300 500 | uv rms | 
Receive noise (see Note 10) Inputs grounded, gain = 1 [48 ~—SS=*«&Y:«dBrncc 


T All typical values are at Ta = 25°C. 
NOTE 10: The noise is computed by statistically evaluating the digital output of the A/D converter. 


DX input = 0O0000000000000, 
constant input code 


Transmit noise 


160 350 
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Timing Requirements 
serial port recommended input signals 


| | | PARAMETER | MIN MAX | UNIT 
fe(MGLK) _ Master clock cycle time : 
00 
0 


| ons 
P Master lock duty oyele———SCSCSC~“~“~*~“‘“~*“‘~‘“~*~‘~dtCS*~‘ CK 


NOTE 11: RESET pulse duration is the amount of time that the reset pin is held below 0.8 V after the power supplies 
have reached their recommended values. 


serial port — AIC output signals, C; = 30 pF for SHIFT CLK output, C; = 15 pF 
for ail other outputs 


t(SCLK) _ Shift clock (SCLK) fall time | a ae 


8 
tr(SCL Shift clock (SCLK) rise time 
Shift clock (SCLK) duty cycle 


—_ 
i 3 
td(CH-FL) Delay from SCLK? to FSR/FSX/FSD| . 30 
td(CH-FH Delay from SCLK} to FSR/FSX/FSD?t 3 35 90 
2 
65 
65 


| td(CH-DR DR valid after SCLK 
td(CH-EL Delay from SCLKT to EODX/EODR\ in word mode 
td(CH-EH Delay from SCLKt to EODX/EODR? in word mode 


iqcopR) _EODRTaltime ——S—S~S~S~—SCSC“‘“‘iSSC“‘C‘SC 
"d(CH-EL) Delay fom SCLK? to EOBXEODAI inbylemede———S—S~TSSCSCSC~« 
Ma(CH-EH) Delay rom SCLKT to EODXIEODAT in bytemode dC 
aquest) OelayromMSTRGLKTIOSCLKL dT 


T Typical values are at Ta = 25°C. 


t(EODX) _EODX fall time a 
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Parameter Measurement Information 


Rfb 
IN + R 
or 
AUX IN+ 
To MUX 
IN — R 
or 
AUX IN- 
Reb 


Rfpb = R for D6 = 1 and D7 = 1 

D6 = 0 and D7 = 0 
Rfb = 2R for D6 = 1 and D7 = 0 
Rfp = 4R for D6 = 0, and D7 = 1 


Figure 4—1. IN+ and IN— Gain Control Circuitry 


Table 4-1. Gain Control Table (Analog Input Signal Required for 
Full-Scale Bipolar A/D Conversion Twos Complement)t 


INPUT CONTROL REGISTER BITS ANALOG 
___ CONFIGURATIONS 7 INPUTHS RESULT 
1 
Differential configuration Vip = +6 V + full scale | 
1 
1 
1 


Single-ended configuration 
Analog input = IN+ - ANLG GND 
= AUX IN+ — ANLG GND 


. - 
Analog input = IN+ — IN-— 
= AUX IN+ — AUX IN— po ip = #3 eluiseae 
Ro a aa Vip =2+1.5V + full scale 
; 


j=23V | sfullscale 


V 
a ae Vjp=215V + full scale 
T Vcc; =5V, Voc_=-5 V, Vpp = 5 V 


+ Vip = Differential Input Voltage, V) = Input voltage referenced to ground with IN— or AUX IN— connected to ground. 
§ in this example, Vye¢ is assumed to be 3 V. In order to minimize distortion, it is recommended that the analog input not 
exceed 0.1 dB below full scale. 
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kK—>}- te (SCLK) 


SHIFT | 


2V 2 2 VFA 2V 
CLK | 3 vk | BV Nee | 
> - td (CH-FL) \ | td (CH-FH) al le 
FSX.ESR, -.< hl | Fev | 


| >| tg (cH-pR | | 
DR D15 (014 X p13 KR 12 ) af x p2 \_p1_o | | 
3 | 
tsu (DX) >| 


! | 
| , Don’t C 
DX Cos X_p14a X13 X_b12 X_b1}. X_b2_X_D1 X_D9)———————— 
| 


| 


Figure 4—2. Dual-Word (Telephone Interface) Mode Timing 


It—+- te (SCLK) 
SHIFT l|fnm\| 2 2\, 
2V 2 
CLK ! sve/| \ BV Xe! | 
P >| - td (CH-FL) , | ty (CH-FH) > le | 
FSX FSR V 
FSXFSR ogy YX oe ) 2 : 


tsu (DX) >| — 


| 
Don’t Care 
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Figure 4—3. Word Timing 


T The time between falling edges of FSR is the A/D conversion period and the time between falling edges of FSX is the 
D/A conversion period. 


+ In the word format, EODX and EODR go low to signal the end of a 16-bit data word to the processor. The word-cycle 
is 20 shift-clocks wide, giving a four-clock period setup time between data words. 
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Figure 4—4. Byte-Mode Timing 


tThe time between falling edges of FSR is the A/D conversion period, and the time between fallling edges of FSX is the D/A conversion period. 
¥ In the byte mode, when EODX or EODR is high, the first byte is transmitted or received, and when these signals are low, the second byte is 
transmitted or received. Each byte-cycle is 12 shift-clocks long, allowing for a four-shift-clock setup time between byte transmissions. 
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Figure 4—5. Shift-Clock Timing 
TMS32046 — Processor Interface 
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Figure 4-6. TMS32010/TMS320C15—TLC32046 Interface Circuit 
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Figure 4—7. TMS32010/TMS320C15—TLC32046 Interface Timing 
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Typical Characteristics 
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Figure 5-2 


Normalized Frequency X SCF fojocx (KHz) 
288 | 


For Low-Pass SCF fojock > 288 kHz, please call the factory. 
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D/A AND A/D LOW-PASS GROUP DELAY 
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Figure 5—4 


Normalized Frequency X SCF fojocx (KHz) 


288 
For Low-Pass SCF fojgch > 288 kHz, please call the factory. 


NOTE: Absolute Frequency (kHz) = 
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A/D BAND-PASS FILTER RESPONSE SIMULATION 
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Figure 5-5 
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Figure 5-6 


. Normalized Frequency X SCF fojocx (KHz) 
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For Low-Pass SCF fojgch > 288 kHz, please call the factory. 


NOTE : Absolute Frequency (kHz) = 
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Figure 5-7 


D/A (sin x)/x CORRECTION FILTER RESPONSE 
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Figure 5-8 
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For Low-Pass SCF fojock > 288 kHz, please call the factory. 
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D/A (sin x)/x CORRECTION FILTER RESPONSE 


500 
Ta = 25°C 
Input = + 3 V Sine Wave 
t ATTN 
: 
10 14 


18 20 


400 


300 


200 


Group Delay-—wus 


ier sacuesee 


Figure 5-9 
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Figure 5—10 


Normalized Frequency X SCF fojoc, (KHZ) 
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For Low-Pass SCF fojgock > 288 kHz, please call the factory. 


NOTE : Absolute Frequency (kHz) = 
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Figure 5—11 
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Figure 5-14 
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Figure 5-15 
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Application Information 


TMS32020/C25 TLC32046 
CLKOUT 
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C = 0.2 uF, Ceramic \?/ WW 


Figure 6—1. AIC Interface to the TMS32020/C25 Showing Decoupling Capacitors 


and Schottky Diodet 
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Figure 6—2. External Reference Circuit for TL.C32046 
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TI North 
Offices 


ALABAMA: Huntsville: (205) 837-7530 
ARIZONA: Phoenix: (602) 995-1007 


CALIFORNIA: Irvine: (714) 660-1200 
Roseville: (916) 786-9206 

San Diego: (619) 278-9600 

Santa Clara: (408) 980-9000 
Woodland Hills: (818) 704-8100 


COLORADO: Aurora: (303) 368-8000 
CONNECTICUT: Wallingford: (203) 269-0074 


FLORIDA: Altamonte Springs: (407) 260-2116 
Fort Lauderdale: (305) 973-8502 
Tampa: (813) 882-0017 


GEORGIA: Norcross: (404) 662-7900 
ILLINOIS: Arlington Heights: (708) 640-3000 


INDIANA: Carmel: (317) 573-6400 
Fort Wayne: (219) 482-3311 


1OWA: Cedar Rapids: (319) 395-9550 
KANSAS: Overland Park: (913) 451-4511 
MARYLAND: Columbia: (301) 964-2003 
MASSACHUSETTS: Waltham: (617) 895-9100 
MICHIGAN: Farmington Hills: (313) 553-1500 
MINNESOTA: Eden Prairie: (612) 828-9300 
MISSOURI: St. Louis: (314) 821-8400 

NEW JERSEY: Iselin: (201) 750-1050 

NEW MEXICO: Albuquerque: (505) 345-2555 


NEW YORK: East Syracuse: (315) 463-9291 
Fishkill: (914) 897-2900 

Melville: (516) 454-6600 

Pittsford: (716) 385-6770 


NORTH CAROLINA: Charlotte: (704) 527-0930 
Raleigh: (919) 876-2725 


OHIO: Beachwood: (216) 464-6100 
Beavercreek: (513) 427-6200 


OREGON: Beaverton: (503) 643-6758 
PENNSYLVANIA: Blue Bell: (215) 825-9500 
PUERTO RICO: Hato Rey: (809) 753-8700 


TEXAS: Austin: (612) 250-6769 
Dallas: (214) 917-1264 
Houston: (713) 778-6592 


UTAH: Salt Lake City: (801) 466-8973 
WASHINGTON: Redmond: (206) 881-3080 
WISCONSIN: Waukesha: (414) 798-1001 


CANADA: Nepean: (613) 726-1970 
Richmond Hill: (416) 884-9181 
St. Laurent: (514) 335-8392 


TI Regional 
Technology 
Centers 


CALIFORNIA: irvine: (714) 660-8140 
Santa Clara: (408) 748-2220 


GEORGIA: Norcross: (404) 662-7950 
ILLINOIS: Arlington Heights: (708) 640-2909 
INDIANA: Indianapolis: (317) 573-6400 
MASSACHUSETTS: Waltham: (617) 895-9196 
MEXICO: Mexico City: 491-70834 
MINNESOTA: Minneapolis: (612) 828-9300 
TEXAS: Dallas: (214) 917-3881 
CANADA: Nepean: (613) 726-1970 


Customer 
Response Center 


TOLL FREE: (800) 336-5236 
OUTSIDE USA: (214) 995-6611 


TI Authorized 
American Sales |North American 
Distributors 


Alliance Electronics, Inc. (military product only) 
Almac Electronics 
Anthem Electronics 
Arrow (Canada) 
Arrow/Kierulff Electronics Group 
Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall-Mark Electronics 
Lex Electronics 
Marshall Industries 
Newark Electronics 
Rochester Electronics, Inc. 
(obsolete product only (508) 462-9332) 
Wyle Laboratories 
Zeus Components 


TI Distributors 


ALABAMA: Arrow/Kierulff (205) 837-6955; Hall-Mark (205) 
837-8700; Marshall (205) 881-9235; Lex (205) 895-0480. 


ARIZONA: Anthem (602) 966-6600; Arrow/Kierulff (602) 
437-0750; Hall-Mark (602) 437-1200; Marshall (602) 
496-0290; Lex (602) 431-0030; Wyle (602) 437-2088. 
CALIFORNIA: Los Angeles/Orange County: Anthem 
(818) 775-1333, (714) 768-4444; Arrow/Kierulff (818) 
701-7500, (714) 838-5422; Hall-Mark (818) 773-4500, 
(714) 727-6000; Marshall (818) 407-4100, (714) 458-5301; 
Lex (818) 880-9686, (714) 587-0404; Wyle (818) 880-9000, 
(714) 863-9953; Zeus (714) 921-9000, (818) 889-3838; 
Ruckin: (916) 624-9744. 

Sacramento: Hall-Mark (916) 624-9781; 

Marshall (916) 635-9700; Lex (916) 364-0230; Wyle (916) 
638-5282; 


San Diego: Anthem (619) 453-9006; Arrow/Kierulff (619) 
565-4800; Hall-Mark (619) 268-1201; Marshall (619) 
578-9600; Lex (619) 495-0015; Wyle (619) 565-9171; Zeus 
(619) 277-9681; 

San Francisco Bay Area: Anthem (408) 453-1200; 
Arrow/Kierulff (408) 441-9700; Hall-Mark (408) 432-4000; 
Marshall (408) 942-4600; Lex (408) 432-7171; Wyle (408) 
727-2500; Zeus (408) 629-4789. 

COLORADO: Anthem (303) 790-4500; Arrow/Kierulff (303) 
373-5616; Hall-Mark (303) 790-1662; Marshall (303) 
451-8383; Lex (303) 799-0258; Wyle (303) 457-9953. 
CONNECTICUT: Anthem (203) 575-1575; Arrow/Kierulff 
(203) 265-7741; Hall-Mark (203) 271-2844; Marshall (203) 
265-3822; Lex (203) 264-4700. 

FLORIDA: Fort Lauderdale: Arrow/Kierulff (805) 429-8200; 
Halll-Mark (305) 971-9280; Marshall (305) 977-4880; Lex 
(305) 421-6633; 

Orlando: Arrow/Kierulff (407) 333-9300; Hall-Mark (407) 
830-5855; Marshall (407) 767-8585; Lex (407) 331-7555; 
Zeus (407) 365-3000; 

Tampa: Hall-Mark (813) 541-7440; Marshall (813) 
573-1399; Lex (813) 541-5100. 

GEORGIA: Arrow/Kierulff (404) 497-1300; Hall-Mark (404) 
623-4400; Marshall (404) 923-5750; Lex (404) 449-9170. 
ILLINOIS: Anthem (708) 884-0200; Arrow/Kierulff (708) 
250-0500; Hall-Mark (708) 860-3800; Marshall (312) 
490-0155; Newark (312)784-5100; Lex (708) 330-2888. 
INDIANA: Arrow/Kierulff (817) 299-2071; Hall-Mark (317) 
872-8875; Marshall (317) 297-0483; Lex (317) 843-1050. 
IOWA: Arrow/Kierulff (319) 395-7230; Lex (319) 373-1417. 


KANSAS: Arrow/Kierulff (913) 541-9542; Hall-Mark (913) 
888-4747; Marshall (913) 492-3121; Lex (913) 492-2922. 
MARYLAND: Anthem (301) 995-6640; Arrow/Kierulff (301) 
995-6002; Hall-Mark (801) 988-9800; Marshall (301) 
622-1118; Lex (301) 596-7800; Zeus (301) 997-1118. 
MASSACHUSETTS: Anthem (508) 657-5170; 
Arrow/Kieruiff (508) 658-0900; Hall-Mark (508) 667-0902; 
Marshall (508) 658-0810; Lex (508) 694-9100; Wyle (617) 
272-7300; Zeus (617) 246-8200. 


TEXAS 
INSTRUMENTS 


MICHIGAN: Detroit: Arrow/Kierulff (313) 462-2290; 
Hall-Mark (313) 462-1205; Marshall (313) 525-5850; 
Newark (313) 967-0600; Lex (313) 525-8100; 

Grand Rapids: Arrow/Kierulff (616) 243-0912. 
MINNESOTA: Anthem (612) 944-5454; Arrow/Kierulff (612) 
829-5588; Hall-Mark (612) 941-2600; Marshall (612) 
559-2211; Lex (612) 941-5280. 

MISSOURI: Arrow/Kierulff (314) 567-6888; Hall-Mark (314) 
291-5350; Marshall (314) 291-4650; Lex (314) 739-0526. 
NEW JERSEY: Anthem (201) 227-7960; Arrow/Kierulff 
(201) 538-0900, (609) 596-8000; GRS (609) 964-8560; 
Hall-Mark (201) 515-3000, (609) 235-1900; Marshall (201) 
882-0320, (609) 234-9100; Lex (201) 227-7880, (609) 
273-7900. 

NEW MEXICO: Alliance (505) 292-3360. 


NEW YORK: Long Island: Anthem (516) 864-6600; 
Arrow/Kierulff (516) 231-1000; Hall-Mark (516) 737-0600; 
Marshall (516) 273-2424; Lex (516) 231-2500; 

Zeus (914) 937-7400; 

Rochester: Arrow/Kierulff (716) 427-0300; Hall-Mark (716) 
425-3300; Marshall (716) 235-7620; Lex (716) 383-8020; 
Syracuse: Marshall (607) 785-2345. 

NORTH CAROLINA: Arrow/Kierulff Bi9 876-3132;; 
Hall-Mark (919) 872-0712; Marshall (919) 878-9882; Lex 
(919) 876-0000. 

OHIO: Cleveland: Arrow/Kierulff (216) 248-3990; 
Hall-Mark (216) 349-4632; Marshall (216) 248-1788; Lex 
(216) 464-2970; 

Columbus: Hall-Mark (614) 888-3313; 

Dayton: Arrow/Kierulff (513) 435-5563; 

Marshall (513) 898-4480; Lex (513) 439-1800; 

Zeus (513) 293-6162 

OKLAHOMA: Hall-Mark (918) 254-6110; Lex (918) 
622-8000. 

OREGON: Almac (503) 629-8090; Anthem (503) 643-1114; 
Arrow/Kierulff (503) 627-7667; Marshall (503) 644-5050; 
Wyle (503) 643-7900. 

PENNSYLVANIA: Anthem (215) 443-5150; Arrow/Kierulff 
(215) 928-1800; GRS (215) 922-7037; 

Marshall (412) 788-0441; Lex (412) 963-6804, 

TEXAS: Austin: Arrow/Kierulff (512) 835-4180; 
Hall-Mark (512) 258-8848; Lex (512) 339-0088; Wyle (512) 
345-8853; 

Dallas: Anthem (214) 238-7100; Arrow/Kieruiff (214) 
380-6464; Hall-Mark (214) 553-4300; Marshall (214) 
233-5200; Lex (214) 247-6300; Wyle (214) 235-9953; 
Zeus (214) 783-7010; 

Houston: Arrow/Kierulff (713) 530-4700; Hall-Mark 

(713) 781-6100; Marshall (713) 895-9200; Lex 

(713) 784-3600; Wyle (713) 879-9953. 

UTAH: Anthem any) 973-8555; Arrow/Kierulff (801) 
973-6913; Marshall (801) 485-1551; Wyle (801) 974-9953. 
WASHINGTON: Almac (206) 643-9992, (509) 924-9500; 
anthem (206) 483-1700; Arrow/Kierulff (206) 643-4800; 
Marshall (206) 486-5747; Wyle (206) 881-1150. 
WISCONSIN: Arrow/Kierulff (414) 792-0150; Hall-Mark 
(414) 797-7844; Marshall (414) 797-8400; 

Lex (414) 784-9451. 

CANADA: Calgary: Future (403) 235-5325; 

Edmonton: Future (403) 438-2858; 

Montreal: Arrow Canada (514) 421-7411; 

Future (514) 694-7710; Marshall (514) 694-8142 
Ottawa: Arrow Canada (613) 226-6903; Future (613) 
820-8313; Quebec City: Arrow Canada (418) 871-7500; 
Toronto: Arrow Canada (416) 670-7769; 

Future (416) 612-9200; Marshall (416)458-8046; 
Vancouver: Arrow Canada (604) 421-2333; 

Future (604) 294-1166, 


TI Die Processors 


Chip Supply (407) 298-7100 
Elmo Semiconductor (818) 768-7400 
Minco TechnologyLabs (512) 834-2022 


(8:00 a.m. — 5:00 p.m. CST) 
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TI Worldwide 
Sales Offices 


ALABAMA: Huntsville: 4960 Corporate Drive, 

Suite N-150, Huntsville, AL 35805-6202, (205) 837-7530. 
ARIZONA: Phoenix: 8825 N. 23rd Avenue, Suite 100, 
Phoenix, AZ 85021, (602) 995-1007. 

CALIFORNIA: Irvine: 1920 Main Street, Suite 900, 

Irvine, CA 92714, (714) 660-1200; Roseville: 1 Sierra Gate 
Plaza, Suite 255B, Roseville, CA 95678, (916) 786-9206; 
San Diego: 5625 Ruffin Road, Suite 100, 

San Diego, CA 92123, (619) 278-9600; 

Santa Clara: 5353 Betsy Ross Drive, 

Santa Clara, CA 95054, (408) 980-9000; 

Woodland Hills: 21550 Oxnard Street, Suite 700, 
Woodland Hills, CA 91367, (818) 704-8100. 

COLORADO: Aurora: 1400 S. Potomac Street, Suite 101, 
Aurora, CO 80012, (303) 368-8000. 


CONNECTICUT: Wallingford: 9 Barnes Industrial Park 
So., Wallingford, CT 06492, (203) 269-0074. 


FLORIDA: Altamonte Springs: 370 S. North Lake 
Boulevard, Suite 1008, Altamonte Springs, FL 32701, 
(407) 260-2116; 

Fort Lauderdale: 2950 N.W. 62nd Street, 

Suite 100, Fort Lauderdale, FL 33309, 

(305) 973-8502; Tampa: 4803 George Road, Suite 390, 
Tampa, FL 33634-6234, (813) 882-0017. 

GEORGIA: Norcross: 5515 Spaiding Drive, 

Norcross, GA 30092, (404) 662-7900. 


ILLINOIS: Arlington Heights: 515 W. Algonquin, 
Arlington Heights, IL 60005, (708) 640-3000. 

INDIANA: Carmel: 550 Congressional Drive, Suite 100, 
Carmel, IN 46032, (317) 573-6400; 

Fort Wayne: 118 E. Ludwig Road, Suite 102, 

Fort Wayne, IN 46825, (219) 482-3311, 

iOWA: Cedar Rapids: 373 Collins Road N.E., Suite 201, 
Cedar Rapids, IA 52402, (319) 395-9550. 


KANSAS: Overland Park: 7300 College Boulevard, 
Lighton Plaza, Suite 150, Overland Park, KS 66210, 
(913) 451-4511. 


MARYLAND: Columbia: 8815 Centre Park Drive, 

Suite 100, Columbia, MD 21045, (301) 964-2003. 
MASSACHUSETTS: Waltham: 950 Winter Street, 
Suite 2800, Waltham, MA 02154, (617) 895-9100. 
MICHIGAN: Farmington Hills: 33737 W. 12 Mile Road, 
Farmington Hills, Mi 48331, (313) 553-1500. 


MINNESOTA: Eden Prairie: 11000 W. 78th Street, 
Suite 100, Eden Prairie, MN 55344, (612) 828-9300. 
MISSOURI: St. Louis: 12412 Powerscourt Drive, 

Suite 125, St. Louis, MO 63131, (814) 821-8400. 

NEW JERSEY: Iselin: Parkway Towers, 

485 E. Route 1 South, iselin, NJ 08830, (201) 750-1050. 


NEW MEXICO: Albuquerque: 2709 Pan American 
Freeway, N.E., Albuquerque, NM 87107, (505) 345-2555. 


NEW YORK: East Syracuse: 6365 Collamer Drive, 
East Syracuse, NY 13057, (315) 463-9291; 

Fishkill: 300 Westage Business Center, Suite 140, 
Fishkill, NY 12524, (914) 897-2900; Melville: 1895 Walt 
Whitman Road, Melville, NY 11747, (516) 454-6600; 
Pittsford: 2851 Clover Street, Pittsford, NY 14534, 
(716) 385-6770. 

NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Suite 100, Charlotte, NC 28217, (704) 527-0930; 
Raleigh: 2809 Highwoods Boulevard, Suite 100, 
Raleigh, NC 27625, (919) 876-2725. 

OHIO: Beachwood: 23775 Commerce Park Road, 
Beachwood, OH 44122, (216) 464-6100; 

Beavercreek: 4200 Colonel Glenn Highway, Suite 600, 
Beavercreek, OH 45431, (513) 427-6200. 

OREGON: Beaverton: 6700 S.W. 105th Street, 

Suite 110, Beaverton, OR 97005, (503) 643-6758. 
PENNSYLVANIA: Blue Bell: 670 Sentry Parkway, Blue 
Bell, PA 19422, (215) 825-9500. 

PUERTO RICO: Hato Rey: 615 Mercantile Plaza Building, 
Suite 505, Hato Rey, PR 00918, (809) 753-8700. 
TEXAS: Austin: 12501 Research Boulevard, 

Austin, TX 78759, (512) 250-6769; Dallas: 7839 Churchill 
Way, Dallas, TX 75251, (214) 917-1264; 

Houston: 9301 Southwest Freeway, Suite 360, Houston, 
TX 77074, (713) 778-6592. 
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UTAH: Salt Lake City: 1800 S. West Temple Street, 
Suite 201, Salt Lake City, UT 84115, (801) 466-8973. 


WASHINGTON: Redmond: 5010 148th Avenue N.E., 
Building B, Suite 107, Redmond, WA 98052, 
(206) 881-3080. 


WISCONSIN: Waukesha: 20825 Swenson Drive, 
Suite 900, Waukesha WI 53186, (414) 798-1001. 


CANADA: Nepean: 301 Moodie Drive, Mallom Center, 
Suite 102, Nepean, Ontario, Canada K2H 9C4, 

(613) 726-1970; Richmond Hill: 280 Centre Street 
East, Richmond Hill, Ontario, Canada L4C 1B1, 

(416) 884-9181; St. Laurent: 9460 Trans Canada 
Highway, St. Laurent, Quebec, Canada H4S 1R7, 

(514) 335-8392. 


ARGENTINA: Texas Instruments Argentina Viamonte 
1119, 1053 Capital Federal, 
Buenos Aires, Argentina, 1/748-3699. 


AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd., 6-10 Talavera Road, North Ryde (Sydney), 
New South Wales, Australia 2113, 2-878-9000; 14th Floor, 
380 Street, Kilda Road, Melbourne, Victoria, Australia 
3004, 3-696-1211; 171 Philip Highway, Elizabeth, South 
Australia 5112, 8 255-2066. 


BELGIUM: S.A. Texas Instruments Belgium N.V., 11, 
Avenue Jules Bordetlaan 11, 1140 Brussels, Belgium, 
(02) 242 30 80. 


BRAZIL: Texas Instruments Electronicos do Brasil Ltda., 
Rua Paes Leme, 524-70 andar, 05424 Sao Paulo, Brazil, 
11-815-6166. 


DENMARK: Texas Instruments A/S, Borupvang 2D, 
DK-2750 Ballerup, Denmark, (45) 44687400. 


FINLAND: Texas Instruments OY, P.O. Box 86, 02321 
Espoo, Finland, (0) 802 6517. 


FRANCE: Texas Instruments France, 8-10 Avenue 
Morane Saulnier-B.P. 67, 78141 Velizy Villacoublay cedex, 
France, (1) 30 70 10 03. 


GERMANY: Texas Instruments Deutschland GmbH., 
Haggertystrasse 1, 8050 Freising, (08161) 80-0 od. Nbst; 
Kurfurstendamm 195-196, 1000 Berlin 15, (030) 8 82 73 
65; Dusseldorfer Strasse 40, 6236 Eschborn 1, (06196) 80 
70; Kirchhorster Strasse 2, 3000 Hannover 51, (0511) 64 
68-0; Maybachstrasse I!, 7302 Ostfildern 2 (Nellingen), 
(0711) 3403257; Gildehofcenter, Hollestrasses 3, 4300 
Essen 1, (201) 24 25-0. 


HOLLAND: Texas Instruments Holland B.V., Hogehilweg 
19, Postbus 12995, 1100 AZ Amsterdam-Zuidoost, Holland, 
(020) 5602911. 


HONG KONG: Texas Instruments Hong Kong Ltd., 8th 
Floor, World Shipping Center, 7 Canton Road, Kowloon, 
Hong Kong, 7351223. 


HUNGARY: Texas Instruments International, Budaorsi 
u.42, H-1112 Budapest, Hungary, (1) 1 66 66 17. 


IRELAND: Texas Instruments Ireland Ltd., 7/8 Harcourt 
Street, Dublin 2, Ireland, (01) 481677. 


ITALY: Texas Instruments Italia S.p.A., Centro Direzionale 
Colleoni, Palazzo Perseo-Via Paracelso 12, 20041, Agrate 
Brianza (Mi), Italy (039) 63221; Via Castello della Magliana, 
38, 00148 Rome, Italy (06) 6572651; Via Amendola, 17, 
40100 Bologna, Italy (051) 554004. 


JAPAN: Texas Instruments Japan Ltd., Aoyama Fuji 
Building 3-6-12 Kita-Aoyama Minato-ku, Tokyo, Japan 107, 
03-3498-2111; MS Shibaura Building 9F, 4-13-23 Shibaura, 
Minato-ku, Tokyo, Japan 108, 03-3769-8700; Nissho-iwai 
Building 5F, 2-5-8 tmabashi, Chuou-ku, Osaka, Japan 541, 
006-204-1881; Dai-ni Toyota Building Nishi-kan 7F, 4-10-27 
Meieki, Nakamura-ku, Nagoya, Japan 450, 052-583-8691; 
Kanazawa Oyama-cho Daiichi Seimei Building 6F, 3-10 
Oyama-cho, Kanazawa, Ishikawa, Japan 920, 
0762-23-5471; Matsumoto Showa Building 6F, 1-2-11 
Fukashi, Matsumoto, Nagano, Japan 390, 0263-33-1060; 
Daiichi Olympic Tachikawa Building 6F, 1-25-12, 
Akebono-cho, Tachikawa, Tokyo, Japan 190, 
0425-27-6760; Yokohama Business Park East Tower 10F, 
134 Gondo-cho Hodogaya-ku, Yokohama, Kanagawa 240, 
Japan, 045-338-1220; Nihon Seimei Kyoto Yasaka 
Building 5F, 843-2, Higashi Shiokohjicho, Higashi-iru, 
Nishinotoh-in, Shiokohji-dori, Shimogyo-ku, Kyoto, Japan 
600, 075-341-7713; Sumitomo Seimei Kumagaya Building 
8F, 2-44 Yayoi, Kumagaya, Saitama, Japan 360, 
0485-22-2440; 2597-1, Aza Harudai, Oaza Yasaka, Kitsuki, 
Oita, Japan 873, 09786-3-3211. 


KOREA: Texas Instruments Korea Ltd., 28th Floor, Trade 
Tower, 159-1, Samsung-Dong, Kangnam-ku Seoul, Korea, 
2 551 2800. 
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MALAYSIA: Texas Instruments Malaysia, Sdn. Bhd., Asia 
Pacific, Lot 36.1 #Box 93, Menara Maybank, 100 Jalan Tun 
Perak, 50050 Kuala Llumpur, Malaysia, 2306001. 


MEXICO: Texas Instruments de Mexico S.A., de C.V., 
Alfonso Reyes 115, Col. Hipodromo Condesa, Mexico, 
D.F., Mexico 06170, 5-515-6081. 


NORWAY: Texas Instruments Norge A/S, PB 106, Refstad 
(Sinsenveien 53), 0513 Oslo 5, Norway, (02) 155090. 


PEOPLE’S REPUBLIC OF CHINA: Texas Instruments 
China Inc., Beijing Representative Office, 7-05 CITIC 
Building, 19 Jianguomenwai Daijje, Beijing, China, 
500-2255, Ext. 3750. 


PHILIPPINES: Texas Instruments Asia Ltd., 
Philippines Branch, 14th Floor, Ba-Lepanto Building, 
Paseo de Roxas, Makati, Metro Manila, Philippines, 
2 817 6031. 


PORTUGAL: Texas Instruments Equipamento Electronico 
(Portugal) Ltda., Eng. Frederico Ulricho, 2650 Moreira Da 
Maia, 4470 Maia, Portugal (2) 948 1003. 


SINGAPORE (& INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas Instruments Singapore (PTE) Ltd., 
Asia Pacific Division, 101 Thomson Road, #23-01, 
United Square, Singapore 1130, 350 8100. 


SPAIN: Texas Instruments Espana S.A., c/Gobelas 43, 
Ctra de la Coruna km 14, La Florida, 28023, Madrid, Spain, 
(1) 372 8051; c/Diputacion, 279-3-5, 08007 Barcelona, 
Spain, (3) 317 91 80. 


SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen), Box 30, S-164 93 Kista, 
Sweden, (08) 752 58 00. 


SWITZERLAND: Texas Instruments Switzerland AG, 
Riedstrasse 6, CH-8953 Dietikon, Switzerland, 
(01) 74 42 811. 


TAIWAN: Texas Instruments Taiwan Limited, Taipei 
Branch, 10th Floor Bank Tower, No. 205 Tun Hwa N. Road, 
Taipei, Taiwan, Republic of China, 2-7139311.° 


UNITED KINGDOM: Texas Instruments Ltd., Manton 
Lane, Bedford, England, MK41 7PA, (0234) 270 111. 


TI Authorized 
North American 
Distributors 


Alliance Electronics, Inc. (military product only) 
Aimac Electronics 

Anthem Electronics 

Arrow/Kierulff Electronics Group 

Arrow (Canada) 

Future Electronics (Canada) 

GRS Electronics Co., Inc. 

Hall-Mark Electronics 

Lex Electronics 

Marshall Industries 

Newark Electronics 

Wyle Laboratories 

Zeus Components 

Rochester Electronics, Inc. (obsolete product only) 
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